Background: Recognition that serous tubal intraepithelial carcinoma (STIC) may represent the first manifestation of many high-grade cancers that were once considered ovarian primary tumors has led to changes in diagnostic practices that could dramatically increase the reporting of tubal carcinomas in US population-based cancer registries. Further, increased detection of early-stage tubal carcinomas through increased recognition coupled with meticulous pathology processing protocols raises important unanswered questions about the clinical behavior of such lesions, which can only be answered using large data sets. However, rates of tubal carcinomas have not been recently analyzed. Accordingly, we analyzed population-based incidence and survival data for fallopian tube carcinoma in situ (CIS; an imperfect surrogate of STIC), tubal carcinomas, and for comparison, ovarian carcinomas, in the North American Association of Central Cancer Registries (NAACCR) registries. Methods: Total counts, standardized incidence rates, and stage-specific survival were computed using 30 NAACCR registries (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). Temporal incidence rate patterns were analyzed by joinpoint regression with estimates of annual percentage change (APC). All statistical tests were two-sided. Results: Fallopian tube CIS incidence rates were stable from 1999 to 2002, then increased from 2002 to 2012 (APC ¼ 16.2%, 95% confidence interval [CI] ¼ 10.9% to 21.7%, P < .001). Rates of early-and late-stage tubal carcinomas showed similar patterns, whereas high-grade serous ovarian carcinoma rates were relatively stable. Five-year cause-specific survival was 97.9% (95% CI ¼ 93.7% to 99.3%) for tubal CIS and 83.2% (95% CI ¼ 77.3% to 87.7%) for early-stage high-grade serous tubal carcinoma. Conclusions: Reporting of tubal CIS and tubal carcinoma have increased in recent years, likely reflecting changes in pathology processing of specimens and diagnosis. Developing standardized reporting for tubal neoplasms is needed to enable analysis of outcomes for these comparatively uncommon but increasingly recognized tumors.
tube lesion, termed serous tubal intraepithelial carcinoma (STIC) (1) (2) (3) (4) . It is proposed that STIC may spread to the ovaries or peritoneum through exfoliation without invasion through the basement membrane of the fallopian tube (2, 5) , which distinguishes STIC from typical carcinoma in situ (CIS) of most organs. Given that STIC is a newly defined pathology entity, its population-based incidence and natural history are undefined. Although CIS and STIC are conceptually different and current cancer registration guidelines provide rules for coding STIC, most STIC lesions were likely coded as tubal CIS or localized/ early-stage tubal carcinoma historically.
In research studies, occult STICs have been found in approximately 3% to 8% of risk-reducing salpingo-oophorectomy specimens performed among BRCA 1/2 mutation carriers (6-9) and concurrently with high-grade serous carcinoma in approximately 13% to 53% of cases (mean ¼ 37%, 95% CI ¼ 27% to 48%) (10) (11) (12) (13) (14) . Among women undergoing surgery for benign indications, STIC or early tubal carcinomas are found in less than 1% of surgical pathology specimens with meticulous examination (7, 15, 16) . Although a recent survey found that the vast majority of pathologists and gynecologists think that most high-grade serous carcinomas arise from the tubes and that defining the primary site of these cancers is clinically important (17) , the population-based incidence of STIC and early-stage tubal carcinoma have not been comprehensively assessed in the United States recently (18) .
We hypothesize that the reporting of tubal CIS alone and tubal CIS associated with invasive carcinoma have increased, reflecting both increased identification of early lesions by pathologists and a trend toward classifying high-grade invasive carcinomas as tubal primary tumors when STIC is identified. Accordingly, we assessed temporal patterns in the incidence and survival of tubal CIS (an imperfect surrogate of STIC) and carcinoma by stage and grade using data from the North American Association of Central Cancer Registries (NAACCR). For context, we present ovarian cancer incidence and survival patterns over the same period.
Methods

Data Source
We used the Cancer Incidence in North America (CiNA) Deluxe Analytic Files provided by NAACCR (www.naaccr.org) for this analysis. Population-based cancer incidence and mortality data were obtained from the NAACCR member registries, which are maintained by the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program or the Center for Disease Control and Prevention's National Program of Cancer Registries (NPCR) (19) . Only participating registries that meet high quality standards are included in the CiNA analytic data set. The CiNA analytic file dates to 1995, but because of missing data for some of the registries, we restricted all analyses to the year 1999 and forward. The 33 registries included in this data set are: Alabama, Alaska, California, Colorado, Connecticut, Georgia, Hawaii, Idaho, Iowa, Kentucky, Louisiana, Maine, Maryland, Detroit (Michigan), Montana, Nebraska, New Hampshire, New Jersey, New Mexico, New York, North Carolina, Pennsylvania, Rhode Island, Tennessee, Texas, Utah, Seattle, West Virginia, Wisconsin, and Wyoming. These registries cover approximately 84% of the US population. We did not include registry data from Atlanta, the Greater Bay Area, or Los Angeles to avoid double counting data already contained in Georgia and California, respectively. Thus, our analysis included fallopian tube and ovarian carcinomas with incidence data from 30 consenting population-based cancer registries (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (20) . Regional and distant stage were combined per SEER coding instructions because the definition of regional and distant varied over the study period. We focused our comparisons on serous ovarian and fallopian tube cancers, given the prevailing view that most serous carcinomas arise from the fallopian tube (1-4).
Statistical Analysis
Age-standardized cancer incidence per 1 million women and 95% confidence intervals (CIs) were generated using SEER*Stat Software (version 8.3.2; http://www.seer.cancer.gov/seerstat) and plotted on a semilogarithmic scale by calendar year of diagnosis. Incidence rates are standardized to the 2000 US Census in five-year age groups. Estimates of the annual percentage change (APC) were calculated for the period 1999-2012 using weighted least squares regression to assess trends in age-standardized incidence from the overall population (all serous cancers) as well as by tumor stage and age. To estimate changes in data trends over time, we utilized the joinpoint regression program (version 4.1.1.3). This method describes changes in data trends by connecting several different line segments on a log scale at "joinpoints" starting with 0 (representing a straight line) and tests for model fit with a maximum of 4 joinpoints.
Using Kaplan-Meier, we evaluated agestandardized cause-specific survival by stage (early, late), grade (low, high), and age (<50, 50 years). Cause of death was defined as death from ovarian cancer or fallopian tube cancer using the SEER cause-specific death classification variable (21) . Cancer cases were excluded from survival analyses if the tumor of interest was not the first tumor, if age at diagnosis was missing, or if follow-up time was missing or 0. All statistical tests were two-sided, and P values of less than .05 were considered statistically significant. P values for APCs were calculated based on a t distribution. All other analyses were performed with SEER*Stat (version 8.3.2, Bethesda, MD) or SAS (version 9.3, Cary, NC).
Results
Population
During the period 1999 to 2012, the analytical file included 493 tubal CIS diagnoses, 7066 fallopian tube carcinomas, and 157 725 ovarian carcinomas (Table 1) . Cases in which the first diagnosis was tubal CIS included 116 (24.4%) fallopian tube CIS alone, 159 (33.5%) cases in which fallopian tube CIS was diagnosed concurrently with another cancer, and 25 (5.3%) fallopian tube CIS followed by another cancer diagnosis within a year. The remaining 175 (36.8%) fallopian tube CIS were diagnosed following multiple other primary cancer diagnoses. Among the 7066 invasive tubal carcinomas, 862 (12.4%) were reported concurrently with another primary and 826 (11.9%) were followed by diagnosis of a second cancer within a year. The preceding numbers represent women with the relevant diagnoses and do not sum to the total number of tumors listed in Table 1 due to accounting for multiple diagnoses per woman. The percentage of tubal cancers staged as localized (29.6%) was twice that of ovarian cancers (14.2%), and unilateral primary site was assigned for 95.5% of tubal CIS and 87.9% of tubal cancers, whereas approximately onethird of ovarian cancers (35.3%) were considered bilateral; 47.6% of tubal CIS were coded as tubal intraepithelial carcinoma (n ¼ 235 out of 493, 8010/2), and 22.1% were coded as serous tubal CIS (n ¼ 109, 8441/2) based on current coding guidelines. 
Incidence Rates and Trends
Incidence trends of tubal CIS and high-grade serous carcinomas by stage are reported in Table 2 and Table 2 ). Rates decreased for low-grade serous ovarian carcinomas over the same period (early stage: -8.4%, 95% CI ¼ -9.8% to -7.0%, P < .001; late stage: -6.2%, 95% CI ¼ -7.2% to -5.1%, P < .001; data not shown). Rates for the other histotypes of invasive fallopian tube and ovarian carcinomas were stable or decreasing between 1999 and 2012 (data not shown).
Survival
Five-year cause-specific survival (ie, fallopian tube or ovarian carcinoma) for women with fallopian tube CIS was 97.9% overall (95% CI ¼ 93.7% to 99.3%), reflecting 100% survival for women younger than age 50 years and 96.8% (95% CI ¼ 90.3% to 98.9%) for women age 50 years or older ( 
Discussion
This analysis demonstrates that reporting of tubal CIS (including codes for serous intraepithelial carcinoma in recent years) and the incidence of invasive serous tubal carcinoma have increased dramatically in the last decade, likely reflecting changes (24) , which will likely be reflected in continued increases in reporting of tubal CIS to cancer registries in coming years. Further, consensus guidelines recommend classifying a carcinoma as a fallopian tube primary when STIC is present, invasive carcinoma involves tubal mucosa, or the tube is incorporated within a tumor mass (25, 26) . Adoption of these rules would clarify pathology reporting and reduce the frequency with which STIC is diagnosed concurrently or sequentially with other gynecologic cancers of similar morphologic appearance. Ultimately, standardized pathology reporting of STIC and SEE-Fim processing would improve cancer registration, monitoring of incidence trends, and analysis of survival, the latter being important for clinical decision-making. The American Congress of Obstetricians and Gynecologists recommends that physicians counsel women about salpingectomy when planning hysterectomy without oophorectomy and or laparoscopic sterilization (27) . Data indicate that bilateral salpingectomy increased 77% in the United States from 2000 to 2013 and hysterectomy with bilateral salpingectomy increased fourfold from 1998 to 2001 (28) . A recent analysis of US hospitalization data spanning the period of increased education about salpingectomy at the time of gynecologic surgery for ovarian cancer risk reduction (2008) (2009) (2010) (2011) (2012) (2013) found that benign hysterectomy with bilateral salpingectomy (and ovarian preservation) increased from 4717 to 17 350, representing an increase of 371% (28) . These changes in frequency of bilateral salpingectomy occurred at a time when the frequency of hysterectomy halved. Accordingly, practice pattern surveys suggest a growing emphasis on detecting tubal primary cancers and searching for tubal origins of high-grade serous carcinoma among women with advanced-stage disease (17) . If a substantial percentage of highgrade serous carcinomas originate in the fallopian tube or from benign cells exfoliated from the tube onto the ovary (ie, endosalpingiosis) as proposed, then increased performance of salpingectomy should lower the true incidence of these cancers in the long term and lead to increased recognition of tubal CIS and early-stage cancers in the short term. Further, reported incidence rates of ovarian cancer should fall in the future as more cancers are classified as tubal, although this is not yet apparent because of the relative rarity of tubal cancers reported to date.
The term serous tubal intraepithelial carcinoma (ie, STIC) was coined to reflect the view that such lesions are full-blown carcinomas, even when invasion in the tube is not identified, and as such may spread through exfoliation onto the surface of the ovary or into the peritoneal cavity. This concept raises important questions about staging, management, and genetic testing of women who present with STIC when concurrent carcinoma is not identified. Although limited to 164 patients followed for a median of 7.2 years, our data showed that survival was 96.8% among women age 50 years and older. A literature review of STIC identified 78 cases of STIC without associated foci of cancer, including 67 found at risk-reducing surgery and 11 found incidentally. Over two to 150 months of follow-up, three (4.5%) patients developed recurrent cancer (classified as "primary peritoneal") (29) . Detection of cancer in fluids or biopsies has also been reported among women with an initial diagnosis of STIC alone, and STIC has been implicated as the potential source of 50% of tumors historically classified as primary peritoneal carcinoma (9, 30) . Thus, improved recording of data for women with STIC is urgently needed to generate refined US population-based estimates of incidence and survival of gynecologic cancers that complement other international efforts like the Pelvic-Ovarian Cancer INTerception (POINT) Project (30) .
STIC is found with late-stage high-grade serous carcinomas in 11% to 61% of cases when the tube is extensively scrutinized; however, limited molecular data suggest that STIC is not always the source of carcinomatosis (13) . A recent genomic analysis revealed STIC as a precursor of sporadic high-grade serous carcinoma in 50% (four in eight) of tumors but also suggested that 25% (two in eight) of STICs were metastases from other organ sites (eg, endometrium) (31) . If corroborated, these data challenge the view that identification of STIC automatically justifies labeling a concurrent cancer as a tubal primary. Development of algorithms to enable registries to record sites and patterns of tumor distributions along with extent of histologic sampling (eg, SEE-Fim processing) could enable registries to generate useful internal data for research that could inform classification of primary site and coding. Increased understanding of the biology of STIC may enable development of evidence-based guidelines in the future, and cancer registries can contribute to this goal with optimized data collection. Our study provides preliminary evidence that survival among women with STIC alone or with concurrent cancer is excellent (>95%); the data are limited by small numbers and limited follow-up.
A strength of the current study is the use of high-quality population-based cancer registry data from 30 registries, which captured a large sample of the US population. This is the first study, to our knowledge, to examine contemporary reporting patterns for tubal CIS. The absence of increasing trends for nonserous histotypes of invasive tubal carcinomas supports the interpretation that our results are specific to serous tubal carcinomas and likely related to increased recognition of the tubal origin of serous ovarian cancers.
Our analysis of incidence and survival was limited by few tubal carcinomas; however, we analyzed the largest available database, which only included results through 2012. If reported rates continue to rise, such analyses will become increasingly tractable. In situ diagnoses of the fallopian tubes are considered reportable diagnoses by the registries, and established coding practices for cancer registration of STIC exist (20) . While the increase in reporting captured in the current analysis likely reflects a true increase in reporting tubal CIS (and in recent years the increased utilization of 8441/2 for STIC), this is likely an incomplete representation of the accurate incidence of STIC. The inability to remove women with prior bilateral salpingectomy and/or bilateral oophorectomy from the at-risk population is a weakness of registry-based evaluations of fallopian tube and ovarian carcinoma incidence, which results in an underestimation of rates. Given that a reproducible and validated algorithm for diagnosing STIC was not available until 2011/2012 (32, 33) , future studies should evaluate whether rate patterns changed circa that period.
In conclusion, all indications are that reporting of tubal carcinomas will increase as a function of reclassification of tumors once classified as ovarian and greater emphasis on examining the fallopian tube and identifying putative early cancers. Given the anticipated changes in practices affecting both true rates and classification, it will be important to develop standardized reporting for tubal neoplasms for cancer surveillance of these highly aggressive cancers.
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